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HOWE RESERVOIR DAM
DAM-BREAK FLOOD ANALYSIS

INTRODUCTION AND PURPOSE

This report presents the findings of a dam-break flood
analysis performed for Howe Reservoir Dam. The dam 1is
owned, operated and maintained by the New Hampshire
Water Resources Board., Included in the report are a
description of pertinent features of the dam, the pro-
cedure used for the analysis, the assumed dam-break
conditions, and the resulting effect on downstream
flooded areas. This study was not performed because of
any known likelihood of a dam-break at Howe Reservoir
Dam, Its purpose is to provide quantitative informa-
tion for emergency planning use.

DAM DESCRIPTION

Identification No.: NHO0Q95

Name of Dam: Howe Reservoeoir Dam

Town: Harrisville

County and State: Cheshire, NH

Stream: Tributary of Minnewawa
Brook

Howe Reservoir Dam is located in the socuthwestern part
of the State of New Hampshire. It is located on the
northern tip of the reservoir, about one mile upstream
from the village of Chesham and eight miles east of
Keene, New Hampshire. The stream from Howe Reservoir
flows into Russell Reservoir in Chesham, and from there
to Minnewawa Brook in Marlborough, which is a tributary
toc the Ashuelot and Connecticut Rivers, Howe 1is
surrounded by woods on all sides. The dam consists of
dry rubble masonry, capped with concrete, and an earth
fill embankment with a total length of approximately
157 feet and a maximum height of approximately 28 feet
above the streambed. The portion of the dam consisting
of dry rubble masonry has a vertical downstream face
and an upstream face inclined about 45 degrees with a
6-inch reinforced concrete slab laid over the upstream
face. On the upstream side, a cutoff trench was
excavated to bedrock at the heel of the dam and filled
with concrete. The top width of the masonry dam is 3.5
feet and the earth embankment is more than 20 feet
wide. The spillway is located in the southern portion
of the dam with a crest elevation of 1274.5 ft., NGVD,.
The concrete crest is approximately 1 foot wide and 75
feet long.



PERTINENT DATA

Data is taken from "Phase I Inspection Report" for Howe
Reservoir Dam dated May 1979.

a. Drainage Area

Howe Reservoir, shown on the U.S.G.S. map, is located
at a distance of eight miles east of Keene, New
Hampshire. This reservoir is man made. The watershed
is heavily wooded, undulated and rolling with a total
drainage area of 10.5 square miles.

b. Elevation Feet (N.G.V.D.)

(1) Top of dam - 1276.5
(2) Spillway crest - 1274.5

¢. Reservoir
(1) Length of normal pool -~ 1.4 miles
d. Storage (Acre-Feet)

(1) Top of dam - 2086 acre-feet
(2) Spillway crest - 1610 acre-feet
e. Reservoir Surface (Acres)

(1) Top of dam - 268 acres
(2) Spillway crest - 208 acres

f. Dam

(1) Type - Dry rubble masonry and earth fill
(2) Length ~ 157!
(3) Height -~ 28.5!
(4) Top Width - minimum 3.5 feet
(5) Side slopes =~

a. Dry Rubble Masonry

1. upstream - 1 vertical to 1

horizontal
2. downstream - vertical



(6)
(7)
(8)

(9)

b. Rolled Earth Fill
1. upstream - flatter than 1
vertical to 2 horizontal
2. downstream - 1 vertical to 1.5
horizontal
Zoning -~ not applicable

Impervious core - none

Cutoff - Heel - dry rubble masonry
Center - earth fill

Grout curtain -~ none

g. Spillway

(1)
(2)
(3)
(4)
(5)

Type - Ungated concrete weir
Length of weir - 75 feef
Crest Elevation - 1274.5
Gates - none

U/S Channel - Reservoir

h. Regulating Outlet

(1)
(2)

(3)
(4)
(5)

Invert - 1267.0 ft. - NGVD

Size - 12 feet wide; 9.5 feet deep; 15 feet
long

Description - reinforced concrete channel
Control Mechanism - stop logs
Cther
(a) Description - 36" steel conduit
(b) Invert - 1259.0

{(c) Control Mechanism -~ 42" gate
operated manually

4, VALLEY DESCRIPTION

The river valley below Howe Reservoir is very steep and
narrow to Russell Reservoir averaging approximately 370
feet per mile. Russell Reservoir is approximately 30
acres at normal pool elevation and 150 acres at the top
of the dam. The dam at the reservoir is approximately



10 feet high by 100 feet long measured abutment to
abutment. It is a concrete gravity dam. Below Russell
Reservoir, the valley slope becomes more moderate
averaging 44 feet per mile. The flow from Russell
Reservoir enters Minnewawa Brook at about 0.5 miles
downstream of the dam. At approximately 2.5 miles
downstream from Russell Reservoir, the stream valley
increases in slope to 120 feet per mile through the
Town of Marlborough to the end of the study reach. The
total study reach is shown on Plate 1.

MODEL DESCRIPTION

The Howe Reservoir dam-break analysis was made using
the NWS version, dated July 1984, of the "National
Weather Service Dam-Break Flood Forecasting Computer
Model", developed by D.L. Fread, Research Hydrologist,
Office of Hydrology, National Weather Service, NOAA,
Silver Springs, Maryland 20910. Input for the model
consisted of: (a) storage characteristics of the
reservoir, (b) selected geometry and duration of the
breach development, (c) hydraulic roughness
coefficients, and (d) active and inactive flow regions.
Based on the input data, the model computes the dam-
break outflow hydrograph and routes it downstream., The
analysis provides output on the attenuation of the
flood stages, and timing of the flood wave as it
progresses downstiream.

ASSUMED DAM BREAK CONDITIONS

General: The magnitude of the flood resulting from the
hypothetical failure of Howe Reservoir Dam is a
function of many different parameters including size of
breach, initial pocl level and storage, rate of breach
formation, channel and overbank roughness and
antecedent flow conditions. Engineering assumptions of
conditions which could be reasonably expected to exist
prior to a failure of Howe Reservoir Dam which were
used in the analysis are presented helow:

(1) Initial Pool Level: 1278.1 feet N.G.V.D., 3.6
feet above spillway crest,.

(2) Reservoir Inflow: Estimated flood of record =
1700 cfs.

(3) Breach Invert: 1256 feet N.G.V.D.

(4) Breach Base Width: 60 feet, vertical side slopes

(5) Time to Complete Formation of Breach 0.5 Hour.

y



(6) Downstream Channel Roughness: Manning's "n" = .06
to .140.,

(7) Pre-Breach River Flows: The pre-breach river flow
was assumed equal to the flood of record which was
estimated by using a cfs/sq. mi, value based on
1938 flood flows from other streams in the
vicinity of Howe Reservoir. Inflow to Howe
Reservoir was 1700 cfs.

RESULTS

The resulting peak stage flood profiles are shown on
plates 2, 3, and 4, Because of the scarcity of good
topographic mapping in the area, profiles are shown in
feet above normal summertime (July-August) low water
(NLW}. Users of the information can establish depth of
flooding at particular properties by establishing its
relative elevation with respect to the adjacent stream
level, Variations in depth above NLW progressing
downstream, is attributable to changes in natural
stream hydraulic capacity as well as changes in peak
discharge.

For the dam-break analysis, the stream channel below
Howe Reservoir was modeled in three reaches. The first
reach is from the dam at Howe ResServeoir to just
upstream of BRussell Reservoir. The second reach
extends from the dam at Russell Reservoir downstream
approximately 2.3 miles to river mile 3.24. The third
reach extends from mile 3.35 to the end of the study
beyond the Town of Marlborough at mile 6,24, The
outflow hydrograph of the first reach was used as the
inflow hydrograph to the second reach. The same
technique was applied for the second and third reach of
the analysis. The dam at Russell Reservoir was modeled
in the analysis. The outflow hydrograph from reach one
was routed through Russell Reservoir without failing
the dam to attain maximum pocl. The dam at Russell
Reservoir was subsequently failed at maximum pool. The
analysis indicates that Russell Reservoir has little
impact on moderating a dam failure of Howe Reservoir.
The failure of the dam at Russell Reservoir also does
not significantly increase the severity of the flcoding
caused by the failure of Howe Reservoir Dam alone.

The peak dam break discharge from Howe Reservoir Dam is
24,550 c¢fs producing a rise of approximately 16.8 feet
above the NLW River elevation at a point 0.02 miles
downstream from the dam. At a distance of 1.31 miles
below Howe Reservoir Dam, peak discharge is 23,770 cfs
with an associated rise over NLW stage of about 25.3

feet., At 5.27 miles below Howe Reservoir Dam, in the
Town of Marlborough, the peak discharge is 21,810 cfs
with an associated rise over NLW stage of 24.5 feet.



Peak discharge, stages and timing for the three
stations downstream from Howe Reservoir Dam are shown
on Plate 5. The stations are located 0.02, 1.31 and
5.27 miles downstream of the dam.

The input data file is in Appendix A, while Appendix B
contains the output file.
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L0053 16D ¢ I H I i {
4 005F An” I o+ [ I H I I
20 1A WSl P ] I I H I
G0 10,8 69 ] L I i I
40 144 12899 ! S I I
S48z mm 1l l I I H LI
401950 23403 L I 1 I I LI
A . i ! i ! I ¢ i
A 184 20815 I ! i I I 1
G188 95 [ i I ¥ [
f.6 176 19082 I I i $ ] [
.1 4.2 {8t 1 f I I £ ] [
£.2 168 17380 I I I I+ 1 I
1.3 161 1634 I I I [ 3 [
L4157 1305 I i I # H H
1.5 154 118 I I i £1] I I
.6 146 12915 ! I LI i I
£.7 141 12048 ] I It I I [
t.a 136 1151 I I I# i I I
t.9 3.0 10141 ] 1 3 I [ i
20 12,3 W7 I ! t] I i 1
.1 1.3 9601 I + I I I
2.2 1Y 7080 1 T S I I i
P B 1 SR X F B I ¢ i H I I
L4 %5 b ] I# i I : I
45 .1 He ¥ [ I I I
2.6 8.7 4506 t I I H I
FAY R N REi S i} [ i I I
.8 T4 1581 ¢ 1 1 I i I
LY N 101 1 ¥ H i I I

B-15



DATE: 10/7/30/85
FILE: HRD1DB1.DAT

DANBRE - Version.,10/25/84

CPU Tige (HH:EM:ISSL... 0008022

B-16



PROGRAK DAMERE---VERSICN-07/18/54
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NOAA, MATIOMAL HZATHER EERVICE
SILVER SPRING, ¥ARYLAND I071¢

HERHHH R TR
FEEHERF RIS RRE I HERRR AR 3 4R R 12X

T H
¢ SUMRARY OF INPUT DATA mt
B 141

FEREFRREF R R RSP LR E R R TR RAEE
FEREFRAEERFRR AT AR R R R R RS

IMPUT CONTROL PARAMETERS FOR RUSSELL RES. DAM

PARAMETER YARIABLE YALUE
HHEHFH R R I FHERERE
HUMBER OF DYNAMIC ROUTING REACHES KiN !
TYPE OF RESERVOIR ROUTING Kyl i
RULTIPLE DAR IHDITATOR HULDAY B
PRINTING INSTRUCTIONS FOR INPUT SUMMARY kP f
0. OF RESERVOIR INFLOW HYDROGRAPH POINTE 1TeH ¥

INTERVAL OF CROSS-SECTION INFZ PRINTED DUT BHEN K= HPRT i
FLODO-PLAIM MODEL PARAMETER KFLP j
LANDSLIDE PARAMETER KL f

RUGSELL RES. DAH  RESEAVDIR
TABLE OF ELEVATION V& YOLURE
VOLUME (AURE-FEET)  ELEVATION (FT)

SALK) O HEAlG
FEERE MR FEF R4 EF00T FREREEHEEEFERENT
{753.0 126001

B30 1180,00
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200.48 177,40

. {167.00
N i
0 20
g REL
0 0

RUSSELL RES, DAX  REGERVGIR
TABLE OF ELEVATION Y5 SURFACE AREA
SURFACE AREA (ACRZS}  ELEVATION (FT)

SALKI HBALK)
FEEHHE R R A RS HEFERR RS IR

A 120000
b3.0 {184,460
9.0 177,468
1 HE7.00
R )
R REE
A RE
0 A0

RUSSELL RES. DAR  RESERYDIR AND BREACH PARAMETERS

PARAMETER UNITS VARIABLE YALUE
HHEHHH T H R R T FHHEE HEHEE  BEERRRHH
LENGTH OF RESERVAIR Hl RLK S
ELEVATION OF UATER SURFACE Fi i 1186.08
EIDE SLOPE CF BREALH i A0
ELEYATION OF BOTTOM OF BREACH FT YRMIN  1187.00
HIDTH OF 2ASE OF BREACH FT BB 00
TIME TO MAXIMUM BREACH SIZE KR TF 3
ELEVATION (HSL} OF BOTTOR OF DAM FT EATUR 167,00
YOLUKE-GURFACE AREA PARAMETER VoL 1.0¢

B-19



ELEVATION OF UATER WHEW EREACHED F1 HF 118350

ELEVATION BF TOP OF DAd FT i 1179.50
ELEVATION OF UNCONTROLLED SPILLRAY CREST  FY HSP 7
ELEVATION OF CENTER OF GATE OPERINGS FT HaT i
BISCHARSE COEF, FOR UNCONTROLLED EPIliksy £s L0
OISCHARGE COEF. FOR GATE FLOW , £G Rt
DISCHARGE COEF, FOR UNCONTROLLED WEIR FLOK HEE 0
DISCHARGE THRY TURBINES s 4T B¢

(OO SHOULD KOT BE (.04 IF OVERTGRPING KAY DCCUR

HEPILLK, 1) HEAD(K, 1}

i £

304, 1.0

849. 2.0

1186, 2.3

1587, 3.0

2923, 4.0

47698, te

{0 g
DHF{INTERVAL BETHEEN INPUT HYDROGRAPH ORDINATES) = A0 HRS,

TER{TIRE AT WHICH COMPUTATIONS TERMINATE) = L0000 HRS.

INFLOW HYDROGRAPH TO RUSSELL RES. DM
HE PR R R R R

B90.00 207400 367500 S9%L.00 1269900 449,00 IBOLO0 (908200
9047.00  5107.00  2930.00

TIME OF INFLOW HYORDGRAPH ORDINATES
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000 A5 2 3000 A0 3230 G900
20000 25008 30000

(ROSS-SECTIONAL FARANETERS FOR MINNEWAWA RROOK
EELOW RUSSELL RES. DAN

PARAMETER VARLABLE YALUE
HHHH IR S B FrEiiEs
NUMBER OF CROSS-GECTIONS NS &
HAYINUY NUMBER Br TOP WIBTHS Ki3 §
NUMBER OF CROGS-SECTIONAL HYDROGRAPHS T3 PLOT HTT | b
TYPE OF QUTPUT OTHER THAX EYDROGRAPH PLOTS MR 4
{ROS5-SECTIONAL SHOOTHING PARAMETCR £54 g
DOWNSTREAX SUPERCRITICAL OR HOT K8UP{ i
NO. OF CATERAL INFLOW HYDROGRAPHS LG b
NO. OF POINTS IN GATE CONTROL CURVE Kia 0

NUMBER GF CROSS-SECTION WHERE HYDROGRAPH DESIRED
{MAX NUMBER OF HYTRDGRAPHE = &3
PHEFEH RS R B S

f2 1 4 5 b

CROSS-SECTIONAL VARIABLES FOR MINNEWAMA BRODK
BELOW RUSSELL RES. AN

PARAMETER UNITS VARIABLE
FHEHEH R I R B BsEe

LOCATION OF CROSS-GECTIOH il $5(1)
ELEVATION (NSL) OF FLOOBING AT LRGSS-SECTION FT  FSTG{L

ELEY CORRESPONDING TO EACH TOP BIDIH FI HB{K, L

B-21
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TP WIDTH CORRESPONDING TD EALH ELEY T BSIK D
{4CTIVE FLOW PORTION)

TOP BIDTH CORRESPONGING TO EACH ELELY FI BSERIRIM
(GFF-CHANNEL PORTION)

SURFACE AREA CORRESPONDING 70 ZACH ELEV  ACRES  DSAWK,II
{ACTIVE FLOW PORTION)

SURFACE AREA CORRESPONDING 7O CACH ELEY  ACRES  SSA[K, D)
{OFF-CHANNEL PORTICN) :

(g

KUMBER GF CROSS-SECTION
RUMBER OF ELEVATICW LEVEL ' K

(ROSS-SECTION MUMBER 1
FRERFHEFH I 4T

K = 020 FATRMD) = 40 fSL(l} = 4 {5R{1Y = .
HE ... 1459.0 f160.0 1185.0 1183.0

BS ... O 250 120.0 136,10
BSS ... B A Wi £

CROSS-SECTION NUMBER 2
R RS

8y = 38 FETR(E) = 0 15L(L = g 5] = A
S ... 18300 4400 1157 10000

BE ... R B R N

BSS ... X R R s

(ROSS-GECTION NUMBER I
P HIE HE R S

XSt = 780 FSTGIL) = 20 5L = N SR - Ny

HS ... 1127.0 1130.0 f140.0 1160.0
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8B ... A 350 8.0 950.0
B55 ... 0 g A W

CROBS-SECTION NUMBER 4
FHERHR M E SRR IR

1840 = 1440 FETRI = 0

HE ... 1170 312000 4400 a0
35 ... NI N FLR v/ N
B35 ... 4 0 i W

CROSS-SECTIOH NUMBER 3
HEHHHHEH I

$5(1F = 1.660  FST6(I) = 0

HS ... 1097.0 1400.0 11200 1140.0
BS ... ST N RS S I v
BSS LA ll:’J! li} IO I'ﬂ

{ROGS-SECTION NURBER 4§
FHEFFHEFH R EFH

1500} = 2,320 FST&(D = 0

RS ... 1057.0 f0A0.0 1086.0 {100.0
BS ... A 40.0 475.0 71940
Ba% ... A uE 0 A

1L = 0 YSRII} = o
iU = i 1SR{L) = 8
5Ll = .0 ISRI) = 0

HANNING § ROUGHNESS COEFFICIENTS FOR THE GIVEN REACHES
(CM{Ky L3 ,K=1,N05) BHERE I = REACH NUMBZR -
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FHAHHH R R O FH R R
REACH 1 ... 00 073 180 446

REACH 2 ... & 073 180 {40

AEACH 3 ... G0 073 LD L340

REACH 4 ... 080 G735 .160 140

REACH 3 .,.. .675 .085 {10 440

CROSS-SECTIONAL ¥ARIABLES FOR RINNERAHA RRIDR
BELGH RUSSELL RES. BAM

PARAMETER UNITS VRRIABLE
FHAH I H IR H R B BRI

HINIHUM COMPUTATIONAL DISTANCE USED il URM(I)
BETWEEN CROSS-GECTIONS

CONTRACTION - EXPANGION CUEFFICIENTS FEC)
BETHEEN CROGS-SECTIONS

REACH HUMBER iy FRED
FEEREFI I TR EY HHEEEREE  FIEEE34%
i .30 RiL

z 5 N

3 (50 000

§ 050 il

5 050 D04

DOWNSTREAH FLOW PARAMETERS FOR MINNEWAWA BROOK
BELCH RUSSELL RES. DAM
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PARANETER

FHELRRER IR TR R AR EH R R R ER RS TR ESF  HH RIS

URITS VARIAGLZ

MAT DISCHARGE AT DOWRSTREAR EXTREMITY {F5  GMALD
KAX LATERAL QUTFLOW PRODUCING LOSSES SFSIFT L
INITIAL SLIE OF YIME STEP LI

INITIAL WATER SURFACE ELEVATION DOMNSTREA®  FT VIR

SLOPE OF CHANNEL DOWNSTREAM GF DAM FI/MD 50M

THETA WEIGHTING FACTOR THETA
{ONVERGENCE CRITERION FOR STAGE i £95y
TIHE AT WHICH DAM STARTS TO FAIL KA IFi

{ROGS-SECTION  MILE
0.

1 817
2 7
3 Jb
4 t.14
5 1.66
b .32

FAERREER R E RSO E R HFRE R4S
FERPFEE R IR AR R R A R ER LR 458

3 4
et SUMMARY OF OUTPUT E&TA #vs
321 ¥

FRRHE R E R E IR R R R R TR 40
FEERRA R HEERE AR H AR R 1

BOTTER REACH NO.  REACN
ELEVATIDN LENGTH
FEET KILES
1139.00
139,00 f 37
1127.00 2 3
117,00 ] 38
1097.00 § 32
105760 5 b

YALUE

HEEHEE EEEFRRREREREE

g

Rutt

L0040

Af
A

43,00

cLare

Fiml

34,405
32.41
36.32
38,45
&.61

TOTAL NUMBER OF CROSS SECTIONG {DRIGINAL+INTERPOLATED) (N) = 45
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S0

3,00

{HAXINUN ALLOHABLE =
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ELOPE INFORMATION FOR INFUT REACHES

REACH M. WATER  HYDRAULIC BOTTON  BYNARIC  TCIAL  CRITICAL HAMNING'S B
ELEVATION DEPTH  GLOPE  SLOPE  SLOPE  SLOPE
FEET FEET FI/ML FT/RD FUEL FT/HI

1 1149.00 23 5405 g6 1500 13 Bl
{ 1450,00 G0 M8 L 5.0 2 08
1 1138.85 54 303 K1Y/ A VIS B YT ¥t
i {177.5% 14,3 34,03 4,90 38.9% &L 140
2 {133.00 6 3L43 f.60 0 M0 FI5M Ao
Z 1135.490 i.11 32.43 2,28 H.ed o 8RT 08
2 1146.35 573 1243 4,32 3675 b19.40 A0
2 {465.00 1748 3.4 1,38 0.8 SEALET A8
i 1122.00 J3 0 82 2.0 B30 M8 400
3 1425.00 1,50 .32 2,77 A6 T 108
3 1140.060 1.55 .32 500 36l 565.77 A3
3 160,00 H.29 412 8,90 35.2F 4452 A48
4 107,99 g3 346 L6304 347.49 A0
4 1110.00 1,50 3B.4b 224 W LA 08
4 13000 11017 3846 4,98 4344 49%.7% A0
4 150,00 2295 J&.4 A B N L
3 107700 J3 0 bbbt t.42 GL02  979.09 SliL
5 1080.00 1% 60 1,87 t24EF 8313 Ai2
3 o9 47 sh 444 HLT4 33B.1% A2
5 120,00 2% Al 5,88 bb.43 33690 Ll
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TOTAL VOLUME I
i

N RESERVGIR BEHIND
RUSSELL RES. DAM = 718 A

{RE-FEET

EFINITION OF VARIABLES IN RESERVOIR OEPLETION TAELE

PARAMETER URITS VARIAZLE
FHARHR S PR R R R R RRERERE  BERRES
TIKE STEF FROM START OF ANALYSIS I
ITERATIONG NECESSARY TO SOLYE FLCH EGUATIONS K
ELAPSED TIME FROM START OF ANALYSIS BRE TR
TOTAL CUTFLOY FROM DAM 08 @il
ELEVATION OF HATER SURFACE AT OAN Fi H2
ELEVATION OF BGTTON OF BREACH T Ve

EGT GEPTH OF FLOW IRBEOIATELY DOWHSTREAM FT i

SUBMERGENCE COEFFICIENT G
VELOCITY CORRECTION ViGR
TOTAL VOLUME DISCHARGED FROM TIME OF BREACH AC-FT  DUTVIL
BREACH RIDTH F1 Ba

RECTANGULAR BREACH DISCHARGE COEFFICIENT i
INFLOW TO RESERVOIR

P
bl
&ra
—
—
-

—

BREACH QUTFLOW FS  GBRE(H
SPELLEAY DUTFLGH OFS #5PLL

RESERVOIR DEPLETICN TAELE

I KT 198 Hz b 5 SuB vilg o oumvOL eB CORR giify  GBRECH  &8PIL
EEEOGE RERRER  BEREBEES  MRRRRED RRERREY BABREHE  BREE OGRRE BRRRENEEE BREE OLEME NEREE BRMEER BEM

B-27



—O1 ERE red O LI A Cad Enll e

il i e e e e e e T T %, S A T R O ik N . S L. B L N o, S A N e

000 169 180,08 1479.50 1186.60 1.00 1.00 G000 10 a9, b HY

it t63 180,08 1179.50 115657 1.00 1.00 A0 e 1705, & 153,
052 1702 {180.0% £179.50 114,59 1.00 L.00 RN L . L i 13,
79 (713 HEL09 117950 146,61 1.60 1.0C SR (A 1% LS L 2 £ 714,
103 1729 1180.41 §179.50 (164,44 1,00 1.00 MU R U b 3 i, 730,
3t 1738 180,43 147958 116,67 4.00 1.00 A0 e BN, & 1738,
A57 1804 1180.16 1479.50 186,76 L.00 1.00 R (R (15 L L % b 1éid,
184 1867 180,28 1179.50 186,86 1.60 1.00 LA % L ) 5 0. 1857,
210 1949 1180.27 1179.30 116,98 1.00 100 0.6 348 3007, i 1950,
1236 2060 118036 117950 146713 LO0 100 RO O U T ¥, 2062,
263 207 1180.46 1179.50 167,32 L.00 1.G0 B e L T B, 2201,
289 385 (180,60 1179.50 1167.54 160 .00 A0 30 b2 ¥, 2385,
345 2601 1180.76 179,50 116778 1.00 1,00 U I U O /.1 8 &, 2602,
g 2858 {180,965 117950 1168.06 1.00 1.00 O W0 3 348, 4, 2845,
348 217 {18148 179,50 1169.26 1.00 1.0f 0 6 340 {0846, 9. 4218,
394 5927 (481,40 1179.50 117034 L.00 1.0 SN 0 1 1 V. LA 8 0, 392,
420 1617 181,63 117950 7L .09 1.2 A A B L H i3 518,
b M4 (181,88 479,50 17R40 00 103 0.0 340 A, 0. 9464,
4730 1453 BRI 1179.30 17292 L4014 d0 W0 LA 19630, f. 11434,
A9 13554 18242 179.50 7168 L0004 £ 0 340 22140, 0. 13554,
S50 15739 182,72 147950 117440 106 L.0S G000 L 2449, 4, 1574c,
3H 17672 (182,98 4479.50 475,00 1.00 1.05 A0 W0 L0 24285, 6. 17875,
G780 19093 183,47 U79.50 4475040 L00 1,06 FAVIER ¢, 19093,
A0 20118 1183.30 17930 17549 L.00 1.08 . ROEER 23551, B, 20118,
430 20844 1183.40 117930 1175.8% 1.00 1.04 23264, 4, 20844,

233, 3, 208,
23438, 115, Mz,
22035, 188, 375,
22812, . 21489,

A4 24403 (183,43 179,25 1195.%6 1.00 1.0 17

L300 2346 118345 1179.00 147,01 1.00 109 3,
12
7

-
-

B o =)

A60 24562 118147 178,75 176409 100 4,09

-

H...-A-H--.—u.y--..o.n-n.,-..._-.u-h—-pmn—np_n.
i)

A M - " - n b - - = w oW " -
WIf oFR i KRR T B e CF= DED ST BD el e S8 ST Bl b G SE DY b0 ofte e BN o2 wERn ot

=

L1075 118349 HIRS0 7544 L0 199 0
H80 0 M94R 14B3.30 {176,275 {176.18 1.00 1.08 BE.

22699, h, 4.
50 2401 118351 117800 476,22 100 1.0B 1.8 22584, 488. 21433,
00 20 (53 1T 0. 26 1,08 1.08 125.1 22873, 33, 2ibbb.

22350, [ I UH R
PEVLTR 343, 216bd,
FEANCH 895, HbIT.
220, 1852, 57
11908, 13220 495,
,10 21795, 1503, 1440,
21482, 169, M7,
24349, 1900, 24155,
1§43, Hib,  H0DA,
3 1* 2143, I3a4, 2084,
0 LS Fis B 2383, 20839,
Lid 24, 3. M4,
3.0 28003, 057, 20248,
LA 20890, M. WS,
L 15 LYYy 58, 19774,
L4 20644, 1956, 19514,
10 205H. §265, 19245,
.40 20438, L3 M £

S0 22384 18351 UL HT60 a0 (L 141.3

J200 507 1815 177,25 MR I3 100 1.4 162.1
.?30 2289 148350 H177.00 f176.36 100 1.97 180.7
JH 22722 118350 1176.73 17638 1,00 1,07 199.5
J300 22816 (183.49 7650 {1TAM 100 LT 2183
TR 22903 11B3.48 176,25 117641 1,00 107 1.2
S0 Z982 118346 176,00 f176.43 LD 1.0b 23h.1
JB) O 2305F {183.42 147575 {47647 .00 1,06 .2
J900 0 2H2E 18342 175,50 (176,48 1,00 1.G6 94,2
800 23184 183,40 1175.23 {176,530 .60 1.06 .4
840 3242 1183.38 475.00 {17851 1.00 1.G6 3326
420 23295 HELIS MRS 147652 L0004 LR
B30 ZI3A4 1183.32 1174.50 1476.54 .00 .06 d
40 21390 (18129 U4 47655 1.00 1.06 190.4
B30 23A33 B3 ITAG0 17656 10D 104 9.7
Lo0 2373 (183,22 117575 476,57 100 {06 i23.4
L7000 23511 {18349 {17350 147558 1.0 1.0a 448.5
580 20346 (18315 173.2% 117559 1.00 1.06 466.4
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I KTiMD
HH # HH
51 .49
52 04 .90
51 80
54 1 9%
ST S .
LI S [

71 .95
58 1 %0
S I B
1 980
61 1 .9%0
62 1 1,000
63 1 tt0
64 1 1070
83 1 L.G30
6 1 1.040
67 1 1.050
88 1 1.060
87 1 1070
i LLo80
o1 .09
7 1 .10
1 Lt
74 1 142
154 4136
76 1 1.140
o1 115
[ -t
TEI R R
B 1 {480
Bt 1 1.150
82 1 L.200
82 1 1.20
B 1 1.2
85 1 .23
B 1 1.240
87 1 1.25
B8 1 .20
8 1 L2
% ¢ 1280
Mo L2
72 1 Ll
93 1 1.3
74 1 1.3H
%5 f 1.3
% 1 134

(I
FHHEHHEE

FRSTS
23631
23640
yALLE]
23693
a7
23745
23768
23790
23842
23832
23852
2381
23891
PALEYS
23931
21954
21976
23999
24021
24044
24068
2009
24815
140
23442
22768
22457
H604
21104
206530
20238
19861
19547
19202
18911
18643
1439
18230
18152
18081
18008
17935
17860
{7785
{7705

RESERVOIR DEPLETION TABLE

H2
HHEFHE

{183.41
1183.47
f183.02
1182.98
1182.91
1182.88
1182.83
{18278
1182.72
1182.64
1182.5¢
182,55
1182.48
1182.42
1182.34
1182.2%
1182,22
1182.15
f18z.08
1182.0
181,93
1181.86
1181.73
118170
{181,462
1181.54
f181.47
118,41
1181.35
1181, 10
1184.23
181,21
{181.47
118143
1181, 10
118¢.07
f181.04
1181.01
1180.99
1180.9%
1180.94
1180.9
1180.87
180,86
1180.84
1180.81

B
FREEREF

17400
172,38
172,50
172,35
172,00
1.7
15
171,75
17400
176.75
1170.50
$170.25
176,00
1169.75
1149.50
1169.25
1169.00
1158.75
1168.50
1188.25
114800
167,75
1147.50
187,25
1167.00
116700
167,00
{187.00
{167.90
{16700
167,00
1162.00
116700
{167.00
1167.00
156760
1{67.00
1167.40
114700
1146700
1147.00
$167.00
1146700
1167.00
167,64
1147.00

0
I

176,460
176,40
1476.61
176,52
147662
176,63
147664
1§76.64
176,63
176,63
117656
176,64
117667
175,87
174,48
1476.68
1176.6%
176,89
U770
176,70
116,71
147872
17672
{176.73
1176.71
1176.53
176,37
176,24
1§76.07
1175.94
1175.82
{475.1
1175.61
175,52
1175.4]
175,35
14527
175,49
117514
175. 44
147512
175,09
147507
147503
1175.03
175,01

SUB
FiE

£,00
£.00
1,40
1,00
1.00
1,00
1,400
1.00
1.00
1.00
f.60
{.00
1,00
1,00
1,00
1,00
1.080
i
1.0
1.00
1.0
1.00
1,40
1.00
.00
1.00
1,00
1,00
1.00
1.0
.80
1,00
£.00
1,00
1,40
1.00
1040
.00
1.00
1.00
f.00
.60
.00
1,00
.00
.00

VEOR
F

1,06
1.04
1.4
1.05
1.05
1,08
1.5
1.85
1,55
1.0
i.h
1,06
1.04
1.04
.54
1,06
f.88
.66
1,06
1.0
1,08
1,04
.08
1.04
147
i.06
1.06
f.06
f.06
1,06
.98
1,06
1.05
1.05
1.05
1.65
1,05
£.05
1,903
1,05
1,03
{.05
105
1,03
1,95
1.05
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BUTYOL
EHEER R

87,4
5069
326.3
346.0
365.6
5.2
804.8
44,4
b44. 1
663.8
683.4
7032
122.9
1425
1624
782.1
8019
gzt.1
841.6
361.4
Bal.l
01,4
91,0
4.0
950.%
780.6
999.7
1018.2
1036.3
1034,0
10712
1088.1
11047
{20
1137.0
1152.7
11868.2
1483.5
1198.7
1437
1226.7
{2416
1258.4
1713.2
1288.0
1302.4

Be
2253

6.8
48,8
50,4
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14774
14639
14491
14326
14147
13930
13728
13478
13197
12894

186,73
1180.70

RESERVOIR

HZ
EHEERFE

1180.47
1130863
1180.62
1180.5%
f180.56
1180.53
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TIHE PARAMETERS OF QUTFLGW HYDROGRAPH IMMEDIATELY DOWNSTREA% OF DAM

PARAMETER URITS vaARLABLE VALUE
PR PP R R R SRR BEISBE FRREHREERME
TIHE TO FAILURE HE TFH Rt
TIHE 70 START OF RISING LIMB DF‘H¥§RSERAFH iR it B30
TIME 70 PEAK HR Hi 1400
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PROFILE OF CRESTS AND TINES FOR MINNEHWAWA BROOR
BELOY RUSSELL RES, Dad
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37 1169.5 7787 1,454 597 S 0
L3190 165,29 A 1454 8,15 L 08
443 146009 o1 YRR Wb .39 il Ry
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B-33



o 06 1,140 1139.92 2723 1,329 5.79 RCL NIt
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GAGE ZERD = B78.00 AKX CLEVATION REACHED BY FLODD ¥AVE = 499.58
FLOGD STAGE NOT AVAILABLE
HAL STAGE = 20,58 AT TINME = £.575 HOURS
RAX FLOW = 22089 AT TIND = 1,575 HOURS
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DISCHARGE HYDROGRAPH FOR MINNEWAHWA BRODK ... GTATION KUMBER 38
BELOW REACH THREE AT BILE 40

GAGE ZERD = 738.00  MAX ELEVATION REALHED BY FLODD WAVE = 780.33
FLODD ETAGE BOT AVAILARLE
WAY STAGE = 22,03 AT TIME = L.BOC MOURS
FRY FLOW = 24836 AT TIME = 1.B00 KOURS
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DISCHARGE HYDROGRAPH FOR MINNEHARA BROOK .o STATION WUMBER 44
BELCH REACH THREE AT BELE 4.5

GAGE IERD = TOR.60  MAX CLEVATION REACHED 2Y FLOBD BAVE = 730.13
FLOOD STAGE ROT AVAILABLE
HAK STAGE = 25,31 AT TIME = L.800 HOURS
MAY FLOW = 21812 AV TIME = 5875 HOUAC
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BELDH REACH THREE AT BILE 473

67860 MAY ELEVATION REACHED 2Y FLODD HAVE = &99.47

FLGOD STASE NOT AVAILABLE
BAX STAGE = 2107 AT TIME = 1875 ROURS
MAY FLOW = 22106 47 TIME = 1,930 HOURS
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DISCHARGE HYDROGRAPH FOR MINNEWAUA BROOK

e

o STATION RUMBER 49
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BELDK REACH THREE AT ¥ILE 5,32

GAGE IERG = 438.00  NAX ELEVATION REACHER BY FLCOD GAVE = 88103
FLOOD STAGE MET AVAILABLE

HaY BTAGE = 23,03 AT TIME = 2,100 HOURS

HAY FLOW = 21948 AT TIME = 2,109 H0URS
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